Meiosis is a process of general importance for sexually reproducing eukaryotes, generating inheritable haploid gametes from a parental diploid cell. In meiosis, two consecutive nuclear divisions (M-phase) occur without an intervening DNA synthesis step (S-phase), resulting in a reduction of the chromosome ploidy. The consecutive nuclear division cycles (M-M cycle) are regulated by oscillatory activation and inactivation of maturation-promoting factor (MPF) [1] , a protein complex composed of B-type cyclin and cyclin-dependent kinase 1 (CDK1) (reviewed in Refs [2, 3] ). MPF activity must increase for entry into each of the meiotic nuclear division cycles and must decrease for the onset of anaphase and exit from each of the nuclear division cycles. However, in contrast to the ordinary proliferative cell cycle in which DNA synthesis precedes nuclear division (S-M cycle), MPF activity is partially retained between the two meiotic nuclear divisions to suppress DNA replication in the meiotic M-M cycle [4, 5] . MPF activity is regulated by the anaphase-promoting complex/cyclosome (APC/C), a large multisubunit of E3 ubiquitin ligase, which triggers the degradation of multiple substrate proteins, including B-type cyclin. APC/C activity is regulated by Fizzy family APC/C activator proteins (reviewed in Ref. [6] ), and thus precise control of the amount and activity of Fizzy family APC/C activator proteins with appropriate timing is important for progression through the M-M cycle during meiosis. However, the molecular mechanisms by which APC/C activators regulate meiotic processes are not fully understood.
The fission yeast Schizosaccharomyces pombe is a useful experimental system for studying meiosis because in this organism meiosis can be easily induced simply by depleting nitrogen sources from culture media and the entire process of meiosis can be observed in living cells. In S. pombe, Fzr1 and Slp1 are members of the Fizzy family of APC/C activators.
Abbreviations APC/C, anaphase-promoting complex/cyclosome; MAT, metaphase-anaphase transition; MPF, maturation-promoting factor; vNEBD, virtual nuclear envelope breakdown.
Fzr1 is dispensable for vegetative growth, but cells lacking Fzr1 form abnormal spores during meiosis [7, 8] . Fzr1 expression is induced by the meiosis-specific transcription factor Cuf1, and in the absence of Cuf1, a third meiotic nuclear division occurs due to a reduced amount of Fzr1 [9] , suggesting that Fzr1 is required for the termination of meiosis. Mes1 is a meiosis-specific inhibitor of the Fizzy family of APC/C activators; in the absence of Mes1, APC/C is fully active and terminates meiosis immediately after the first meiotic nuclear division [10] . The second meiotic nuclear division that is lost in the absence of Mes1 is recovered by loss of Fzr1 [11] . Thus, it is considered that Fzr1 is a major target of Mes1 in meiosis.
Slp1 is another Fizzy member APC/C activator that is essential for vegetative growth [12] . To understand molecular mechanisms that regulate meiotic nuclear divisions by APC/C activator proteins, we analyzed phenotypes of slp1 mutants during meiosis in living cells. To this end, we constructed a series of strains expressing reduced levels of Slp1. This was accomplished by the use of an slp1 mutant in which translation of the Slp1 protein is initiated from an ATA codon rather than an ATG codon: since the initiator Met-tRNA Met binds to ATA with much lower efficiency than it binds to ATG, this results in low translation efficiency and reduced protein levels. Thus, the mutant slp1 gene produces reduced amounts of the Slp1 protein with no amino acid substitutions. A unique advantage of this experimental system is that the mutant slp1 gene is under the control of the authentic slp1 promoter; therefore, transcription of the gene is under normal physiological regulation throughout the cell cycle. Consequently, the level of the Slp1 protein, expressed at the physiologically appropriate time, can be controlled by increasing the copy number of the mutant slp1 gene. Characterization of the mutants demonstrated that the amount of Slp1 determines the timing of the onset of the first metaphaseanaphase transition (MAT), and that termination of meiosis is accomplished by Fzr1 in combination with Slp1, suggesting that the M-M cycle of nuclear divisions is regulated by a two-step action of the APC/C activators Slp1 and Fzr1.
Materials and methods

Strains, culture media, and induction of meiosis
The genotypes of the strains used in this study are shown in Table S1 . YE, YES, or EMM2 were used for routine mitotic culture of S. pombe cells, and ME agar plates were used to induce meiosis of h 90 cells as described previously [13] . The chemical compositions of YE, YES, EMM2, and ME media are described in Moreno et al. [14] .
Search for meiosis mutants
Mutant strains forming two viable diploid spores were obtained by the following screening procedures. First, the h 90 haploid strain (CRLx76) with visualization markers for microtubules (GFP-Atb2) and telomeres (Taz1-mCherry) was plated on ME agar plates (approximately 5 9 10 5 cells in total). Mutations were induced by ultraviolet irradiation (0.01 JÁm À2 , with a survival rate of 10-20%). The individual ultraviolet-irradiated cells formed clonal colonies on the ME plate after 5 days of incubation at 26°C. Colonies on the ME plates, including vegetative cells and asci, were collected from the ME plates and digested with b-glucuronidase to dissolve the vegetative cells and isolate spores. The isolated spores were plated on YES agar plates containing Phloxine B, which stains dead cells red. As a diploid colony contains relatively more dead cells, approximately 1300 red colonies were picked for analysis. Cells from the red-stained colonies were replica-plated on ME plates and their ploidy was examined based on the presence of azygotic meiosis using microscopy (diploid cells undergo azygotic meiosis on ME plates) [14] . Then, we isolated 351 diploid strains among the 1300 red colonies, and we found that 14 of the 351 strains showed aberrant meiosis (B01-B14 strains). We focused the B05 mutant strain, which forms two diploid spores, at a high frequency. Because the isolated mutants with this screening strategy are diploid, we isolated a haploid B05 strain that are produced at low efficiency from its meiosis and used it for this study.
Plasmid vectors for chromosomal integration
We used the following vectors for S. pombe chromosomal integration at the lys1, aur1, leu1, and SPBC1773.04 loci. The plasmid pYC36 for the lys1 locus is described in Chikashige et al. [15] . pYC19 and pCSS75 for the aur1 locus were constructed by replacing the lys1-N fragment of pYC36 [15] with the aur1 r (Takara Bio Inc., Shiga, Japan) and aur1 r-Asc1 gene, respectively; aur1 r-Asc1 contains an
Asc1 restriction site at the NspV site of the aur1 r . pYC28
for the leu1 locus was constructed by replacing the lys1-N fragment of pYC36 with the leu1 fragment of pUC-Pleu1, which is described in Matsuyama et al. [16] . This leu1 fragment can complement the leu1-32 mutation when it is completely integrated at the leu1 locus. pCSR14 for the SPBC1773.04 locus was constructed as follows. First, the NaeI site of Bluscript KS+ was replaced by a BglII site to obtain pYC3. Then, the nat fragment from pCR2.1-nat [17] was inserted at the BamHI-SacI site of pYC3 to obtain pCSR13. Finally, a fragment containing a genomic NotI site of SPBC1773.04 was inserted at the BglII site of pCSR13, and the resulting plasmid was designated pCSR14. The target of the chromosomal integration of pCSR14 contains the genomic NotI site within SPBC1773.04 (between the genomic NotI fragments P and N on chromosome 2) [18] .
Multiplying the slp1 gene
We cloned the wild-type and B05 alleles of the slp1 gene, which includes sequences from 1000 nucleotides upstream to 2000 nucleotides downstream of the slp1 coding sequence, into the integration vectors (pYC36, pYC19, pCSS75, and pYC28) described above so as to increase the number of copies of the slp1 allele in the haploid genome. We confirmed the copy number of the slp1 allele by quantitative polymerase chain reaction (qPCR) using genomic DNA of the integrants as a template (Fig. S1 ).
We also determined mRNA levels of the slp1 allele by qPCR and confirmed that mRNA levels increase as the copy number increases (Fig. S1 ). In order to construct the slp1-2ndATG plasmid, we cloned the promoter of the slp1 gene (À1000 nt) and the slp1 gene from the 259th methionine codon to the 2000 nucleotides downstream into the pYC36 by using the In-Fusion Ò HD cloning kit (Takara Bio Inc.).
Western blot analysis
For western blot analysis, S. pombe whole-cell extracts were prepared as follows. S. pombe cells were cultured to log phase. 3 9 10 7 cells were then harvested and resuspended in 800-lL ice-cold water. The cell suspension was mixed with 150-lL of 1.85 N NaOH and incubated for 10 min on ice. Then, 150 lL of 55% (w/v) trichloroacetic acid was added and the mixture was incubated for 10 min on ice. The cells were centrifuged at 18 800 g for 2 min at 4°C, and the pellet was washed once with cooled (À30°C) acetone. Then, the pellet was resuspended in sample buffer (200 mM Tris (pH 6.8), 8 M urea, 5% SDS, 0.1 mM EDTA, 100 mM DTT, 0.025% Bromophenol blue), and used as a whole-cell extract. The pH of the extract was by adding 1.85 N NaOH. The extract from 5 9 10 6 cells was applied and run by 15% SDS/PAGE. Proteins were transferred to a PVDF membrane in 48 mM Tris (pH9.2), 39 mM glycine, 0.037% SDS, 20% methanol by wet transfer. The membrane was cut into two portions. A portion of the membrane carrying high-molecular weight proteins was blocked in 5% skim milk and incubated with anti-Slp1 antibody (1 : 500, a gift of T. Matsumoto) [12] overnight at room temperature. The membrane was washed with PBS containing 0.1% Tween20 three times, and then incubated with secondary antibodies (1 : 5000) for 3 h at room temperature: horseradish peroxidase (HRP)-conjugated goat anti-(rabbit IgG) (MP Bio Japan, Tokyo, Japan) was used as the secondary antibody. As an internal loading control, the other portion of the membrane, carrying low-molecular weight proteins, was probed for endogenous histone H3 using a mouse monoclonal anti-histone H3 antibody (MABI0301, 1 : 20 000; Medical and Biological Laboratories, Co., Ltd., Nagoya, Japan) and HRP-conjugated goat anti-(mouse IgG) (MP Bio Japan) as described above. Protein bands were stained with Immunostar LD (WAKO, Osaka, Japan) and detected by chemiluminescence using a ChemiDoc MP imaging system (Bio-Rad, Tokyo, Japan).
Fluorescent fusion constructs
A GFP-Cdc13 fusion construct was made as follows: the cdc13 promoter (from À1646 nt), the coding sequence of GFP-S65T, and the coding sequence of the cdc13 gene and its terminator sequence (749 nt after the stop codon) were ligated into the integration vector pYC36. The resulting plasmid was integrated into the lys1 locus. GFP-NLS and mRFP-NLS fusion constructs were made as follows: the coding sequence of GFP-S65T or mRFP, and the coding sequence of a NLS (CTPPKKKRKV for GFP or SPPKAVKRPAATKKAGQAKKKKLDKEDESSEEDSP TKKGKGAGRGRKPAAKK for mRFP) were ligated into the integration vector with the nmt1 promoter terminator pCST159 [13] . The resulting plasmid was integrated into the chromosome at the aur1 gene locus. GFP (or CFP or mCherry)-Atb2 fusion constructs were made as follows: the nda3 promoter, the coding sequence of GFP-S65T (or CFP or mCherry), the coding sequence of the atb2 + gene, and the nmt1 terminator sequence were ligated into the integration vector (pYC36 for lys1, pYC19 for aur1, or pCSR14 for SPBC1773.04), and the resulting plasmid was integrated into the chromosomal locus as indicated above for each vector. Hht1-mRFP was constructed by replacing the authentic Hht1 gene with the selection marker kanr by a PCR-based gene-targeting method [19] .
Image acquisition and processing
Fluorescence microscope images were obtained using a computer-controlled fluorescence microscope system (DeltaVision; GE Healthcare, Little Chalfont, UK). For imaging of live cells, a DeltaVision microscope system set up in a temperature-controlled room was used [20] . This microscope system is based on an inverted fluorescence microscope (IX70; Olympus Optical, Tokyo, Japan) equipped with a charge-coupled device (CoolSNAP HQ; Photometrics, Tucson, AZ, USA). An Olympus oil-immersion objective lens (Plan Apo 60 9, NA = 1.4) was used for observation. For time-lapse observation, living cells were mounted in a 35-mm glass-bottom culture dish (MatTek Corp., Ashland, MA, USA) coated with lectin or in a microfluidic flow chamber for yeast (CELLASIC Y04C; Merck, Darmstadt, Germany), and observed in EMM2-N medium at 26°C for meiotic cells. Images were acquired using SOFTWORX software, provided as part of the DeltaVision system (GE Healthcare). A three-dimensional stack of images spanning 9-15 focal planes at 0.3-lm increments was recorded at each time point. Optical section images in Fig. 5 were deconvoluted using SOFT-WORX software and then projected. In most cases, projection images were generated using a maximum-intensity method, with the exception of the images for GFP-Cdc13 visualization, which were projected with a summation method. Optical section images in Fig. 5 were deconvoluted using SOFTWORX software and then projected.
Whole-genome sequencing
Genomic DNA was isolated from the B05 mutant strain using a Qiagen Blood & Cell Culture DNA Kit (Cat. no. 13323; Qiagen, Hilden, Germany); whole-genome sequencing using Illumina Genome Analyzer and data mining was done by Takara Bio Inc.
Results and Discussion
Isolation of mutants with two spores in meiosis
In screening S. pombe mutants that produce two viable diploid spores, we isolated 14 mutant strains that were found to be defective in meiosis. Among them, the B05 strain showed the two-spore phenotype at a high frequency (Fig. 1A,B) . However, vegetative growth was normal in this mutant at 26-33°C, with slight temperature-sensitive growth at 20 and 36°C (Fig. 1C) . The two-spore phenotype indicated that one of the two consecutive nuclear divisions was skipped in this mutant. To determine which type of chromosome segregation-reductional or equationaloccurred in the nuclear division of the B05 strain, we carried out diad analysis of two spores [21] . The results showed that homologous loci of the centromere-linked ade6 alleles were segregated in 75% (80/106) of the two-spore asci examined (Fig. 1D) . Thus, we concluded that reductional segregation occurred at the first meiotic nuclear division, and equational segregation at the second meiotic nuclear division was skipped to produce two spores.
To characterize meiotic progression in this mutant, we observed the behavior of chromosomes and microtubules in living meiotic cells. The B05 strain showed an extended period of metaphase with a short spindle at the first meiotic nuclear division (Fig. 1E) . A representative example of the wild-type strain (Fig. 1E upper panel, WT) shows that the MAT of the first nuclear division occurred at 25 min and the second MAT occurred at 85 min (time 0 is the first appearance of the microtubule spindle in the first meiotic nuclear division). In contrast, in a representative example of the B05 mutant strain (Fig. 1E middle  panel, slp1-B05) , the spindle remained with a constant length until 75 min, and the MAT occurred only after the elongated metaphase. The timing of the MAT measured in living cells is plotted relative to the time after the first appearance of the spindle in Fig. 1F . These results indicate that the first MAT in this mutant occurred at a time corresponding to that of the second MAT in the wild-type.
Mutation identification in the two-spore mutant
To identify the specific gene(s) contributing to the phenotype of the B05 mutant strain, we determined its whole-genome sequence. In this mutant, 10 nucleotide substitutions were found (five of which were found in genes, and the remainder were in intergenes). Among them, we selected the mutation in the slp1 + gene as the most likely candidate associated with the two-spore phenotype. In this mutation (hereafter called the slp1-B05 allele), the initiation codon ATG was converted to ATA ( Fig. 2A) . Introduction of the slp1-B05 allele into the strain with the endogenous slp1 + gene deleted confirmed this possibility, as this allele reproduced the phenotype of the original B05 mutant (Fig. 1E) . Thus, we concluded that the slp1-B05 allele is the causal mutation for the observed two-spore phenotype of the B05 mutant strain.
ATA initiation of Slp1 translation
Although S. pombe slp1 + is essential for vegetative growth, the slp1-B05 mutant showed no obvious phenotypes other than slight temperature-sensitive growth in the vegetative cell cycle. To examine the expression of Slp1 in the slp1-B05 mutant, we constructed a series of strains bearing multiple copies of the wild-type and B05 mutant alleles of the slp1 gene. We confirmed the copy number of the gene and mRNA levels in these strains (Fig. S1) , and then estimated the amount of Slp1 protein by western blotting using anti-Slp1 antibody (Fig. 2B) . The Slp1 band was detected at the expected size in wild-type cells; a band of the same size was detected in cells bearing three copies of the slp1-B05 mutant allele and a faint band of the same size was detected in cells bearing a single copy of the slp1-B05 mutant allele (Fig. 2B) . We further quantified the amount of Slp1 protein in strains bearing different copy numbers of the wild-type and B05 allele of Slp1, and confirmed that reduced amounts of Slp1 were produced in the slp1-B05 mutant compared to the wild-type (Fig. S2) . On the other hand, amounts of mRNA increased with the increase in the copy number and are comparable for the wild-type and slp1-B05 mutant alleles (Fig. S1) . Thus, we speculated that in this mutant, the Slp1 protein was translated from the ATA codon instead of the ATG codon with relatively low translational efficiency. To confirm the possibility of ATA-initiated translation, we evaluated the expression of the ura4 + gene bearing the altered initiation codon of ATA driven by the slp1 + promoter (from À1000 nt). This construct partially suppressed the auxotrophic growth of the ura4Δ strain (Fig. 2C ), suggesting that a reduced amount of the Ura4 protein was translated from the ATA codon. Another possibility was that the slp1-B05 mutant allele expresses a truncated form of Slp1 translated from the second ATG. However, random spore analysis indicated that cells expressing a truncated form of Slp1 translated from the second ATG were inviable, eliminating this possibility (see the legend to Fig. 2A) . Therefore, it is likely that Slp1 was indeed translated from the ATA codon at reduced levels, and that the reduced amounts of Slp1 are sufficient for the vegetative cell cycle but insufficient for meiosis. Although non-ATG initiation of translation has been reported in other organisms [22, 23] , this is the first such example in S. pombe.
Multiplication of slp1-B05 suppressed the meiotic phenotype
As mentioned above, in contrast to the vegetative cell cycle, the reduced amounts of Slp1 in the slp1-B05 mutant were likely insufficient for the progression of meiosis, resulting in the production of two spores. Indeed, we found that the meiotic phenotype was partially suppressed by increasing the amount of mutant Slp1 protein. Progression of meiosis was monitored by observing the behavior of microtubules, and we found that the population of cells showing the second nuclear division increased with the increase in the copy number of the slp1-B05 mutant allele (Fig. 2D) . Cells bearing a single copy of the slp1-B05 mutant allele underwent nuclear division only once, at the time of the normal second nuclear division ('B05 9 1' in Fig. 2F ), whereas cells bearing two copies of the slp1-B05 mutant allele partially recovered the second nuclear division. These cells were divided into two groups: one group that underwent the second nuclear division, and another group that divided only once. The former group (21/63 cells; 33%) underwent nuclear division twice ('B05 9 2-a' in Fig. 2F) , and the latter group (42/63 cells; 67%) underwent delayed nuclear division only once, which was earlier than the normal second nuclear division ('B02 9 2-b' in Fig. 2F ). In a representative example (Fig. 2E lower  panel) , the first MAT occurred with delayed timing at 45 min, but the second nuclear division occurred at the time of the normal second nuclear division at 80 min. A higher frequency of cells bearing three copies of the slp1-B05 mutant allele recovered the second nuclear division (48/81 cells; 'B02 9 3' in Fig. 2F ). These results indicate that the meiotic phenotype was caused by the reduced amounts of Slp1 translated from ATA in the slp1-B05 allele.
Degradation of B-type cyclin in meiosis
The results shown in Fig. 2 indicated that the timing of the second nuclear division may not be related to the termination of the first nuclear division in the mutants with reduced Slp1. We observed the behavior of S. pombe Cdc13 (B-type cyclin) in living meiotic cells using GFP-Cdc13 (Fig. 3) . In a representative example of wild-type cells (Fig. 3A) , the fluorescence signal of GFP-Cdc13 almost completely disappeared at the onset of the first meiotic anaphase (30 min, where time 0 is the first appearance of the microtubule spindle in the first meiotic nuclear division), and then reappeared toward the second meiotic nuclear division (45 min). In contrast, when cells bearing three copies of the slp1-B05 mutant gene proceeded to the second nuclear division, the disappearance and reappearance of GFP-Cdc13 were both delayed (Fig. 3C) . In a representative example shown in Fig. 3B , GFP-Cdc13 disappeared at 40 min at the first MAT, and reappeared at 55 min for the second nuclear division. However, the second MAT occurred at a time similar to that in the wild-type in spite of the delayed first MAT. These results indicate that the second MAT occurs at fixed timing independent of the amount of Slp1.
Progression of meiosis regulated by Slp1 and Fzr1
Mes1 is a meiosis-specific inhibitor of the Fizzy family of APC/C activators in S. pombe [10] . In mes1Δ cells, the first meiotic nuclear division occurs with the same timing as in the wild-type, but meiosis is aborted without starting the second meiotic nuclear division (Fig. 4A,B) . This is because the APC/C is fully active in the absence of Mes1 [11] . However, in the absence of both Fzr1 and Mes1, the second meiotic nuclear division was recovered (Fig. 4A,B) . This result suggests that the M-M cycle can be generated in the absence of both Fzr1 and Mes1. Intriguingly, double deletion of the fzr1 and mes1 genes recovered the second nuclear division in the slp1-B05 mutant (Fig. 4B) . Considering the previous finding that Mes1 also inhibits Slp1 [11] , this suppression of the phenotype of slp1-B05 by the double deletion of fzr1 and mes1 suggests that Slp1 activity increases in the absence of Mes1, even in the slp1-B05 mutant.
Although the second nuclear division that is lost in the slp1-B05 mutant can be recovered either by increasing Slp1 levels or by deleting Fzr1 and Mes1 as described above, it should be pointed out that the timings of these two pathways differ for the second nuclear division. In the slp1-B05 mutant recovered by the deletion of fzr1 and mes1, the second nuclear division was delayed according to the delay of the first nuclear division ('slp1-B05 fzr1Δ mes1Δ' in Fig. 4B ), whereas the second nuclear division in the slp1-B05 mutant recovered by increasing the copies of the slp1-B05 allele occurred at the same time as in the wildtype ('B05 9 2-a' in Fig. 2F) . Thus, the timing of the first MAT depends on the amount of Slp1 regardless of the absence or presence of Fzr1 and Mes1, whereas the timing of the second MAT is determined by Mes1 and Fzr1 regardless of timing of the first MAT. In the absence of Fzr1 and Mes1, the onset of the second MAT is triggered by Slp1, and is delayed to the same extent as the delay of the first MAT.
Virtual nuclear envelope breakdown (vNEBD) in the Fizzy mutants
Virtual nuclear envelope breakdown (vNEBD) is a recognized phenomenon in S. pombe, in which nuclear proteins diffuse to the cytoplasm in cells with an intact nuclear envelope during a limited period at the second anaphase of meiosis [24] . As described in this report, only one delayed nuclear division occurs during meiosis in the slp1-B05 mutant; however, vNEBD was still observed in anaphase of the delayed meiotic nuclear division (Fig. 5A) . In this mutant, an extended period of metaphase, which is indicated by a constantlength spindle, was observed (Fig. 1E) , and the cytoplasmic diffusion of nuclear proteins also gradually occurred during the extended period of metaphase (Fig. 5A ). This correlation between spindle elongation and vNEBD suggests that anaphase onset and vNEBD are triggered by the same regulatory factor(s). In addition, in the absence of Fzr1, a third meiotic nuclear division occurred as reported previously [9] , and vNEBD occurred in anaphase of both the second and third meiotic nuclear divisions (Fig. 5B) . These results suggest that vNEBD is normally induced downstream of the APC/C activation at the second meiotic nuclear division. In accordance, meiotic nuclear division cycles in the slp1-B05 mutant are regulated by the altered cycles of MPF: the first meiotic nuclear division in the slp1-B05 mutant is arrested in metaphase until the onset of anaphase is triggered at the time corresponding to the second meiotic nuclear division.
Conclusions
In the newly identified slp-B05 mutant, the Slp1 protein is translated from ATA with low translational efficiency. This mutant provides the unique advantage CRLz26 (fzr1D, mes1D) , CRLz38 (slp1-B05), CRLz48 (slp1-B05 fzr1D), CRLz51 (slp1-B05, mes1D), and CRLz97 (slp1-B05, fzr1D, mes1D). Mean values AE standard deviations in minutes are shown to the right of the graph.
that the Slp1 protein with no amino acid substitutions is expressed at a reduced level but with transcription of the gene remaining under normal physiological regulation. Consequently, levels of the Slp1 protein, expressed at physiologically appropriate times, can be controlled by increasing the copy number of the mutant slp1 gene.
In the slp1-B05 mutant, nuclear division occurs only once during meiosis, and it occurs at the time during meiosis that the second meiotic nuclear division occurs in wild-type cells; however, reductional segregation of chromosomes occurs at the delayed nuclear division of the slp1-B05 mutant rather than the equatorial segregation of chromosomes that occurs at this time in the wild-type cell. This phenomenon is likely due to the fact that the meiotic kinetochores in the slp1-B05 mutant are already prepared for reductional segregation even though the nuclear division occurs at the time of the second nuclear division. On the other hand, in the delayed one-time nuclear division of the slp1-B05 mutant vNEBD still occurs during anaphase, a process that is observed in the second anaphase in wild-type cells. Thus, these two events, reductional chromosome segregation and vNEBD, can occur at the same nuclear division; these mechanisms are independent of each other, but are coordinated during the normal progression of meiosis.
In S. pombe, MPF inactivation is achieved by the sequential actions of generic Slp1 and meiosis-specific Fzr1 during the two consecutive nuclear divisions in meiosis. MPF is mostly inactivated by Slp1 alone at the first nuclear division and is completely inactivated by the combination of Slp1 and Fzr1 at the second nuclear division to terminate meiosis (Fig. 6 ). In the absence of Fzr1, meiosis is not terminated and MPF activity again increases and meiosis then continues into a third cycle. This two-step inactivation of MPF during meiosis is consistent with the phenomenon observed in Xenopus oocytes (reviewed in Nebreda & Ferby, 2000)AUTHOR: Nebreda & Ferby, 2000 has not been included in the Reference List, please supply full publication details.. Thus, the combined actions of Slp1 and Fzr1 provide insight into the molecular mechanisms of MPF inactivation during meiosis in S. pombe.
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